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Scripta Universitatis, edited by Albert Einstein and first published in 1923, played a significant role in the 
establishment of Hebrew University in Jerusalem. Articles appeared on the left half of the journal in the 
author’s chosen language and they were translated into Hebrew on the right half. The inaugural issue 
contained an article by the French mathematician Jacques Hadamard (8 December 1865 – 17 October 
1963). Y. Wolfson of Kharkov translated it into Hebrew. An English translation is presented here, along 
with scans of the original first pages that were published in French and Hebrew. Documents pertaining to 
the origins of Scripta were translated from Hebrew into English in JMASM (2007, 6(1), p. 350-354). 
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Teaching the Concept of Differentials 
by J. Hadamard, Paris 
 
Poincaré, speaking at the Pedagogical Museum 
of Paris in 1904, stated that there was good 
reason to think in terms of derivatives rather 
than in terms of differentials. It seems to me that 
it would be beneficial for the teaching profession 
to conform resolutely to this principle and to 
abandon the rather complicated explanations 
which are classically given via the symbol .d  
As far as the first differential is concerned, it’s 
OK; I can understand the equation 
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                       ( ) dy f x dx′=                         ( )1  
or 
 
                         dz p dx q dy= +                  ( )1′  
 
as corresponding to the respective approximate 
equality 
 
                       ( ) y f x x′Δ = Δ                   ( )2  
 or 
                       +  z p x q yΔ = Δ Δ              ( )2′  
 
in which ,xΔ  ,yΔ  and zΔ  are infinitesimally 
small increments. But the second differential! 
Like everybody, I have read the account of the 
differential of the independent variable which 
must be constant (and which is, moreover, 
necessarily variable because it is infinitely 
small). If I decided not to cover these concepts 
in the classes that I have taught in elementary 
differential calculus, I confess it was because I 
only half understood them myself. 
I know that they must nevertheless be 
understandable, and if I had needed them, for 
example, in geometric applications of 
differential calculus in my research, then I 
would have mastered them. However, clearly, 
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such was not the case. I studied infinitesimal 
geometry like everyone else, having no special 
difficulty with second derivatives and never 
giving a thought to leaving the differential of the 
independent variable constant. 
What, then, is the significance of 
equation ( )1 ?  Quite simply, it is that if x  and 
therefore  = ( )y f x  are functions of an arbitrary 
dependent variable ,u  then, regardless of the 
relationship between x  and u  (provided that 
/dx du  exists), one has 
 
                       ( ) dy dxf x
du du
′=  ,                ( )3  
 
which is simply the chain rule.  
What does equation ( )1′  mean? Simply 
stated, if ,x ,y  and hence ( , ),z f x y= are 
expressed as functions of an arbitrary dependent 
variable ,u  then one has 
 
                  
  
     .
dz z dx z dy
du x du y du
dx dyp q
du du
∂ ∂
= +
∂ ∂
= +
       ( )3′  
 
Such is the unique meaning of the 
equations ( )1 and ( )1′ . Because the equations 
( )3  and ( )3′  hold for any independent variable 
u  in terms of which the other variables are 
expressed, the variable u  can be suppressed. 
The special advantage of differential notation is 
that it does not have to specify which variable is 
to be considered as independent. 
What is the meaning of the equation 
 
              2 2 2( )   ( ) d y f x d x f x dx′ ′′= +      ( )4  
or 
 
                
2 2 2 2
2
      
 2      ?
d z p d x q d y r dx
s dx dy t dy
= + +
+ +
          ( )4′   
 
Simply that 
 
        
22 2
2 2( )   ( )
d y d x dxf x f x
du du du
 
′ ′′= +        ( )5  
 
or 
 
       
22 2 2
2 2 2
2
    
 2   
d z d x d y dxp q r
du du du du
dx dy dys t
du du du
 
= + +   
 
+ +   
 ( )5′  
 
where the variables have been expressed as 
functions of the parameter u and we still have 
( )y f x= or ( , )z f x y= . 
Finally, what does the equation 
 
            2 2 2 2     d z r dx s dx dy t dy= + +     ( )6  
 
mean?  In my opinion, nothing at all. The first 
two terms on the right-hand side of ( )5′  
disappear when x  and y are linear functions of 
,u as happens in the proof of Taylor’s theorem, 
the only place to my knowledge where formula 
( )6 would arise. Aside from this, I don’t see 
what one can get out of ( )6 , except perhaps for 
one or two false ideas. 
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Appendices 
 
Following are scans of Hadamard’s article in the 
original French and the Hebrew translation, an 
autographed letter signed (ALS) written by 
Hadamard to Monsieur E. F. Katz, and scans of 
title pages of selected texts by Hadamard. 
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